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ABSTRACT 


This  report  is  a  comprehensive  study  of  the  causes  and  prevention 
of  hydrogen  gas  accinnulatlon  in  electric  lighted  buoys  powered  by 
lead<«cid  storage  batteries.  The  chemistry  of  possible  causes  of 
hydrogen  evolxztion  is  disctissed.  Meetsurements  of  hydrogen  concen¬ 
tration  in  various  lifted  buoys  are  presented.  Results  showed 
a  high  percentage  of  buoys  with  explosive  mixtures  in  battery 
pockets.  Increasing  the  size  of  ventilation  tubing  and  converting 
to  an  "open”  type  vent  valve  reduced  the  hydrogen  gas  concentration 
below  the  lower  explosive  limit. 
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1.  DlTBOPJgPION 


1.1  On  l6  Novonber  1951>  26  September  1959>  and  10  May  i960 
eaqplosions  occurred  In  electric  buoys  that  were  powered  with  low 
discharge  storage  batteries.  With  an  Increased  number  of  electric 
buoys  being  used  each  year,  the  hazards  of  an  explosion  must  be 
eliminated.  Indoctrination  In  the  proper  handling,  charging  and  use 
of  lead -acid  batteries  Is  not  sufficient.  Positive  preventive 
measures  are  considered  necessary.  It  Is  the  purpose  of  this  project 
to  determine  probable  causes  of  explosions  and  eliminate  them  throu^ 
corrective  action. 

2.  CHagSTRY  OF  THE  EgLOSIOH. 

The  prerequisites  for  ah  explosion  are  hydrogen,  oxygen  and  a 
spark.  The  presence  of  oxygen  and  the  accidental  sp8u;k,can  never 
be  eliminated  from  the  buoy  recharging  (not  to  be  confused  with 
battery  r^harglng)  operation.  There  then  remains  the  task  of 
eliminating  the  presence  of  hydrogen. 

2.1  The  following  sources  of  hydrogen  appear  possible: 

a.  hydrogen  produced  by  the  reaction  of  sulfuric  acid 
with  steel, 

b.  Hydrogen  and  oxygen  entrapped  In  the  battery  as  a 
result  of  charging,  and 

c.  Hydrogen  released  as  a  result  of  local  cell  swjtlon 
(chemical  self  discharge). 

2.1.1.  The  chemistry  of  the  reaction  of  sulfuric  acid 
on  steel  may  be  approximated  by: 


3H2SOi^  +  2Fe  - >•  Fe2  ^302^3  +  3H2I 

For  an  8  X  26  buoy  having  a  free  volume  of  7»2  cubic  feet  In  a 
pocket,  an  acid  spillage  of  about  30  cubic  centimeters  can  create 
a  combustible  mixture  under  standard  conditions  of  temperature  and 
pressure.  Appendix  I  shows  these  calculations. 

2.1.2.  The  gassing  cf  a  battery  does  not  cease  when  the 
charging  current  is  stopped.  Gases  continue  to  be  released  for 
several  days.  In  low  discharge  +ype  batteries  this  post -charging 
delayed  release  of  gases  continues  loiter  than,  the  high  discharge 
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batteries  due  to  the  thickness  and  porosity  of  the  plates.  It 
appears  possible  that  during  the  post -discharge  release  of  gases, 
osQTgen  will  ceeise  coislng  off  prior  to  hydrogen.  No  exact  data  on 
the  post -discharge  release  of  battery  gas  has  been  located  to  date. 

It  Is  edeo  probable  that  some  gas  entrained  or  trapped  In  or  betveen 
the  plates  nay  be  released  by  rolling  or  agitating  the  battery  a 
considerable  time  after  the  stationary  battery  has  ceased  to  gas . 

2.1.3*  hydrogen  given  off  by  local  cell  surtlon  (chemical 
self  discharge)  vas  previously  thou£^  to  be  very  minor  in  the  case 
of  low  discharge  type  batteries.  Assuming  the  chemical  self  .dis¬ 
charge  of  the  battery  produces  the  same  amount  of  hydrogen  sus  a 
trickle  charge,  an  escploslve  mixture  can  be  readily  attained. 
Appendix  II  gives  detedls  of  assimiptlons  and  calculations  for  ob¬ 
taining  the  time  required  to  attain  a  combustible  mixture  for 
various  types  of  electric  buoys. 

3.  REDUCING  THE  EXPLOSION  HAZABD. 

To  reduce  or  eliminate  the  hazard  of  an  explosion,  tvo  methods 
were  considered: 

(1)  the  use  of  a  catalyst  to  neutralize  the  hydrogen  as  It  Is 
emitted,  and 

(2)  increase  the  ventilation  in  the  battery  pocket. 

3.1  The  U.S.  Navy  has  used  a  palladlm  catalyst  to  reduce  the 
presence  of  hydrogen  In  torpedo  batteries.  The  catalyst  allows  the 
hydrogen  to  combine  with  oxygen  to  form  water.  Discussions  with  the 
Naval  Research  laboratory  indicated  that  palladium  catalysts  sure 
easily  poisoned  by  the  impurities  present  in  the  battery.  Trswe 
amounts  of  arsenic  and  smtlmony  (which  are  still  present  even  in  the 
low  discharge  lead^usid  battery  plates)  give  rise  to  the  generation 
of  arsine  and  stablne  which  destroy  the  effectiveness  of  palladlun 
SIS  a  catalyst.  The  palladium  catsLlyst  elLso  requires  the  motion  of 
the  hydrogen  gsis  over  the  catalyst  to  accomplish  the  desired  chemlcsQ. 
reaction. 


Since  the  catsilyblc  method  of  reducing  hydrogen  indicated 
only  a  slight  chance  of  success  and  woiild  require  considerable  time 
and  resesLTch,  the  catsdyst  approach  was  not  pursued.  In  addition, 
safety  considerations  dictated  a  prompt  solution. 

3.2  Increasing  the  ventilation  of  the  ''oattery  pocket  was  next 
considered.  Evaluation  tests  of  sd.r  cell  batteries  in  buoys  were 
In  progress  vben  the  e3q)loslon  hazard  problem  again  arose.  Standard 
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Coast  Quard  tuoys  had  been  modified  to  pro^rlde  addltloxial  air  by 
Increasing  the  vent  lines  from  l/4-inch  tubing  to  sA-inch  tubing 
and  changing  the  vent  v^res  from  a  pressiure  release  type  to  a 
continuously  open  type.U)  Details  of  the  vent  system  and  tests 
vlU  be  described  In  the  nexb  section. 

4.  TESTS  CONDUCTED.  Tests  were  perfoxned  In  tvo  phases: 

(1)  the  determination  of  the  extent  of  hydrogen  etccnamilatlon 
in  various  type  buoys  and, 

(2)  the  evaluation  of  the  vent  system  modification. 

4.1  Subsequent  to  an  ei^^loslon  aboard  the  USCGC  WILLOW  (WAGL- 
332),  the  vessel  coomenced  taking  reeidlngs  of  hydrogen  gas  concen¬ 
trations  In  the  pockets  of  various  buoys.  Appendix  IH,  a  letter 
from  the  WILLOW  to  Coomandant  (ETD)  (less  enclosures),  describes 
these  tests  and  their  results. 

4.2  The  Field  Testing  and  Development  Unit  measured  hydrogen 
gas  concentrations  In  the  pockets  of  standard  7  x  I7E  and  9  x  32E 
buoys  vlth  conventional  vent  valves  and  vent  tubing.  Appendix  17, 
Field  Testing  and  Development  Unit  Report  No.  230,  describes  these 
tests  and  their  results. 

4.3  The  vent  system  of  one  6  x  20E  (RR)  buoy  at  USCG  BASE, 
Gloucester  City  was  modified  In  accordance  with  Coast  Guard  drawing 
no.  BU-58'^2.  This  modification  equips  each  battery  pocket  with 
two  3A"iBich  vent  tubes,  one  to  the  top  of  the  pocket  and  one  to  the 
bottom.  C.^  Development  CorT>nration  vent  valves  type  SV-IOCL  were 
used.  The  buoy  was  outfitted  with  type  23  racks  of  DHB-5-1  lead 
acid  batteries  and  with  a  12-volt,  3*05  ampere  lamp  on  a  quick 
flashing  characteristic  providing  the  load.  One  vent  tube  on  one 
battery  pocket  was  plugged.  Dally  combustible  gas  Indicator 
readings  of  the  hydrogen •^Ir  mixture  were  taken  on  both  pockets. 

4.3.1.  Results  of  the  Gloucester  tests  are  given  In 
Appendix  V. 

5.  RESULTS. 


5.1  As  shown  In  Appendices  II,  III,  and  IV,  every  standard 
electric  buoy  with  the  conventional  l/4-lnch  single  vent  system 
and  powered  by  lead  acid  batteries  Is  potentially  dangerous  due 
to  hydrogen  accumulation. 


(1)  Valve  closes  when  buoy  is  Inclined  at  large  angles  or  submerged. 
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5.2  Appendix  V  shows  that  for  the  conditions  of  paragraph  4.3: 

5.2.1.  The  hydrogen  concentration  nay  reach  an  e:xploslve 
mixture  within  two  or  three  days  after  recharging  the  buoy,  but  the 
concentration  drops  to  5  to  10  per  cent  of  the  lower  e:q>loslve  limit 
within  a  day  or  two. 

5.2.2.  The  hydrogen  concentration  in  one  pocket  never  ex¬ 
ceeded  15  per  cent  of  the  lower  eaqplosive  limit.  The  vjirlatlon  in 
concentration  between  pockets  may  be  caused  by  a  multltMe  of  factors 
(see  i^endlx  VI)  but  the  primary  fewitor  is  probably  the  time  the 
batteries  sat  between  completion  of  charging  and  installation  in  the 
buoy. 


5.2.3.  A  pocket  with  one  vent  is  as  good  as  a  pocket  with 
two  vents  with  respect  to  hydrogen  venting.  This  may  be  due  to  an 
equilibrium  condition  existing  between  rate  of  hydrogen  evolution, 
rate  of  diffusion,  and  the  rate  of  escape  of  the  gas  mixture. 

5.3  Appendix  IV  shows  that  remioval  of  the  pressure  release  vent 
valve  from  a  standard  l/4-lnch  vent  system  has  little  or  no  effect  on 
the  hydrogen  concentration  in  the  pocket  of  a  9  x  32E  (RR)  buoy. 

5.4  Appendix  V  indicates  that  for  choppy  seas  (higher  winds)  the 
hydrogen  concentration  decreases  for  the  buoy  with  the  3/4 -inch  vent 
system.  This  indicates  that  some  chimney  effect  is  being  attained  in 
the  new  vent  system. 

5.5  App<aidix  VI  is  a  collection  of  miscellaneous  facts  which 
are  pertinent  to  the  hydrogen  explosion  problem. 

6.  DISCUSSION  AND  CONCIUSIQN. 


6.1  The  present  l/4-inch  vent  tubing  and  pressure  release  vent 
valve  are  unsatisfactory  since  dangerous  concentrations  of  hydrogen 
gas  can  exist.  Even  the  removal  of  the  vent  valve  had  no  effect  on 
decreasing  the  hydrogen  concentration. 

6.2  A  single  3/4-lnch  vent  line  to  each  pocket  with  a  continuously 
open  (except  under  adverse  conditions)  vent  valve  will  provide  adequate 
vent  nation  for  the  lead  acid  batteries.  So  as  to  be  on  the  safe  side, 
and  looking  toward  higher  capacity  lead  acid  batteries,  two  vent  lines 
to  each  pocket  are  reconmended. 
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AFPBISIX  I 


HCTROQBJ  GBIBRAIBD  BY  ACID  SPILLAGB 

1.  3  B2SO4  ♦  2Pe  — ♦  Fe2(S0i^)3  +  3^2 

3  X  98.OT  2  X  55.85  3  X  2.016 

2^k.21z  ni.TOg  6.0lt8g 

2.  The  free  volume  in  the  pocket  of  an  8  x  26  buoy  is  7.2  cubic  feet. 
A  hi»  mixture  of  hydrogen  then  requires  7.2  x  0.04  or  0.288  cubic  feet 
of  hydrogen. 


3.  .288  cu.  ft.  equals  8.I6  liters. 


4.  22.4  liters  of  hydrogen  weighs  2.016  grams. 


5.  Let  X  »  weight  of  B2  in  8.16  liters 


X 


2.016 


X  =  0.734  grams  of  H2  in  8.16  liters. 

6.  Let  y  =  quantity  of  H2S0i^  to  produce  0.734  grams  of  hydrogen 

y  «  35.7  grams  of  H2S0i^  (At  standard  conditions). 

7.  Volume  of  H2S0i^  =  35.7  =  30  cc. 

1.2 

Thus  30  cc.  of  sxilfurlc  acid  reacting  on  steel  is  capable  of  producing 
sufficient  hydrogen  for  an  explosive  mixture  in  a  7.2  cubic  foot  volume. 
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APPHTOEX  II 


HXDROGM  ACCUMJLATIOW 
1.  Consider  the  following  illustration: 


Kate  of 
generation. 


Kate  H  released 
at  vent,  A  x/y 


Where:  x  =  amount  of  Hg  in  volume  V,  cu.-ft. 

A  =  rate  of  hydrogen  generation,  cu.ft./^y/cell. 

V  =  free  volume  of  huoy  pocket,  cu.ft. 

^  s  time  rate  of  change  in  amount  of  in  volume  V, 
cu.ft. /day/cell. 

Then  «  rate  of  Ho  in  -  rate  of  Ho  out 
dt  ^ 

Assume  perfect  diffusion  and  that  the  gases  will  be  released  at 
zero  pressure. 


For  a  hi»  hydrogen  mixture  we  need  only  consider  the  first 

two  tenns  of  the  series  expansion.  Integratli^g  between  time  0  and  T 
and  hydrogen  qviantltles  0  and  .04V: 


AT 

T 


.04V  +  .0008V 

.0408  Va 


.o4o8v 
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2.  Assume  the  hydrogen  produced  on  trickle  charge  Is  0.0159  cu.-ft./ 
amp. -hr.  at  70^.  Also  assume  that  the  500  ampere-hour  cell  vlU  be 
discharged  over  a  period  of  one  year.  This  Is  typical  of  an  aids  to 
navigation  load.  Farther  assume  that  10^  of  the  capacity  vlU  be 
lost  In  self  discharge.  A  500  ampere-hour  cell  vlU  then  have  a  toted 
capacity  of  about  355  ampere  -hours/ 500^  and  thus  about  35  anipere -hours 

V.09; 

consumed  as  a  result  of  self -discharge.  Since  0.0159  cu.ft.  of  hydrogen 
are  produced  per  amp. -hr.,  and  the  service  period  Is  one  year, 

3S-  X  0.0159  »  .0024  cu.ft. 
of  hydrogen  are  produced  per  day  per  cell. 

3.  T  a  .0408  I 

A 

If  V  ■  1  cu.ft.  and  A  =  .0024  cu.ft. /day/cell,  then  1  =  17  days,  the 
time  required  per  cell  to  obtain  a  combustible  mixture  In  a  volume 
of  one  cubic  foot. 

Several  common  type  buoys  attain  combustible  mixtures  In  the 
following  times: 


Buoy 

Free  Volume 
(cu.-ft.) 

Ihimber 
of  cells 

Days  to  reach 
a  W  mixture 

5  X  11 

3.14 

6 

9 

Solid  Pocket  6  x  20 

7.2 

6 

21 

Open  Pocket  6  x  20 

130 

12 

184 

9  X  32 

6.9 

12 

10 

8  X  26 

7.2 

12 

10.5 
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32k~2lf^3 
30  Au^st  i960 


Comnandliig  Officer 
usooc  wiuow  (WAaL.332) 

CO  Base,  Yerba  Baena  Island 
San  Francisco 4  California 


From:  Connandlng  Officer,  USCQC  WILLOW  (VAOL-332) 

To:  Coomandant  (ETD) 

Via:  Commander,  Twelfth  Coast  Guard  District  (e) 

SiibJ:  Bq)loslve  gas  mlxtiires  within  buoy  pockets,  testing  of;  report  on 

1.  On  26  September  1939 y  an  explosion  occurred  In  an  open  battery  pocket 
of  a  32  volt  system  buoy  that  was  being  recharged  on  the  deck  of  this 
-vessel.  Prior  -bo  this  happening,  the  noznal  procedure  ^en  recharging 
buoys  had  been  to  remo-ve  the  buoy  pocket  covers  and  allow  natural  vent  11a  • 
tlon  to  rid  the  buoy  pockets  of  any  accumulated  gas,  before  allowing  unit 
personnel  -bo  disconnect  the  Internal  wiring. 

2.  Since  this  prementioned  explosion,  a  gas  e3q>loslmeter  has  been  used  to 
determine  the  gaseous  content  contained  within  buoy  pockets  prior  to  there 
complete  uncovering. 

3.  The  procedure  presently  in  use  at  this  unit  Is  to  remo-ve  ell  swing 
bolts  from  the  pocket  cover  except  four  (4),  spaced  90  degrees  apart. 

The  remaining  four  (4)  are  then  loosened  sufficiently  to  allow  the  pocket 
co-ver  to  be  redsed  for  the  Insertion  of  a  rubber  suction  tube  which  Is 
attached  to  the  exploslmeter.  A  reading  of  the  battery  pocket  atmosphere 
Is  then  taken.  If  the  buoy  body  has  separate  battery  pockets,  readings 
are  taken  simultaneously  from  all  pockets.  No  Internal  work  Is  performed 
until  all  readings  6u:e  safe. 

4.  Actual  attempts  to  take  gas  samples  through  the  battery  pockets  vents 
proved  to  be  unsatisfactory. 

5.  Fifty  seven  (57)  buoys  have  been  tested  by  this  unit  since  28  September 
1959  and  the  following  listed  tabulations  shows  percentages  of  explosive 
mlxtTire  found  -within  the  battery  pockets  of  these  tested  buoys. 

NO.  OF  BUOYS 

15 
01 
05 
05 
05 
05 
06 
00 
05 
00 
10 
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CO,  WILLOW  Itr  to  CCMOT 
Via;  CCOD12(e)  cont. 

6.  Attached  as  enclosures  an  excerpts  from  the  Instruction  mamial  per¬ 
taining  to  the  operation  of  the  M-S^  E3q)losljneter,  Model  manufactured 
hy  the  Mine  Safety  Appliances  Company,  Pittsburgh,  Pennsylvania.  Also 
attached  Is  a  copy  of  the  Schematic  Flow  System  Wiring  Diagram  from 
the  same  manual. 


E.  S.  BATES 

Bhcl:  (l)  Instructions  for  operating  the  Model  3  Eb^iloslmeter 
(2)  Schematic  Flow  System  and  Wiring  Diagram 


l6  September  i960 

FIRST  EaiDORSaJEHT  ON  CO  USCGC  WILLOW  Itr  J2Jt-2/A25  dtd  30  Aug  I96O 

From:  Commander,  Twelfth  Coast  Guard  District 
To:  Commandant  (ETD) 

Suhj:  Explosive  gas  mixtures  within  buoy  pockets,  testing  of;  report  on 

1.  The  xrse  of  the  Exploslmeter  should  be  made  mandatory  and  eetch  unit 
responsible  for  recharging  buoys  should  have  such  a  device  on  their 
allowance  list. 


JOHN  B.  ORST 
By  direction 
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APPENDIX  IV 

FIELD  TESTING  AND  DEVELOIMBin-  UNIT  REPORT  NO.  230 
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FCISLD  TBSTDO  ABD  nSVELQFMBIT  UNIT 
PROJKT  CGTD  A25-1 

EII»0GI1T  ACCUMULATION  IN  TIE  BATTEEUf  POCKETS 
OF  BUOIS  Wm  LBAD^H)  BATTEEHES 


ty 

FIELD  TESnNG  AND  DBVELOFMBIT  UNIT 
U.  S.  COAST  GUARD  YARD 
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ABSITRACT 


nie  concentration  of  hydrogen  gas  In  the  battery  pockets  of  tvo 
standard  Coast  Quard  light  buoys  with  lead-acid  batteries  was  meeunired 
under  service  conditions.  Tests  Indicated  a  dangerously  hi^  accunula- 
tlon  of  hydrogen  In  the  buoy  pockets.  Removal  of  the  pressure  release 
valve  from  a  standasrd  vent  system  showed  no  effect  on  the  hydrogen 
content  In  the  battery  pocket. 
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1.  WOEECLAL  TESTED 


1.1  The  tests  described  herein  bad  as  their  purpose  the  measureoect 
of  the  hydrogen  accumulation  In  the  battery  poclcets  of  buoys,  using  lead- 
acid  batteries. 

1.2  Mecusurements  vere  made  on  tvo  buoys.  One  was  a  type  9  x  32  B 
(RR)  and  the  other  a  7  x  17  E  (RR).  These  vere  the  1958  standard  types 
of  Coast  Guard  buoys,  vlth  noxnal  battery  pocket  vents,  shovn  on  U.S. 

Coast  Guard  Civil  Ihglneerlng  Division  Drawing  BG-^S-ll. 

1.3  A  Type  23  battery  rack  (6  Willard  DHB-5-1  lead-«cld  cells)  was 
used  In  each  battery  pocket  of  the  7  x  17E  (HR)  buoy,  giving  a  capacity 
of  1000  ampere-hours.  The  9  3C  32B  (RR)  buoy  was  equipped  with  tvo  Type 
34  battery  racks  (12  DHB-5-1  cells  each),  providing  a  total  capacity  of 
2000  ampere-hours. 

2.  TESTS  COHDUCTKD. 

2.1  A  Coast  Guard  200 -millimeter  lantern,  vlth  a  standard  motor 
flasher  and  lanq>changer,  vas  placed  on  each  buoy.  Tvelve-volt,  3’05- 
ampere  lamps  vere  used,  flashing  on  a  characteristic  of  0.5  second  on, 

2.0  seconds  off. 

2.2  The  buoys  vere  placed  In  service  at  dockside  at  the  Coast  Guard 
Yard.  The  lanrps  vere  cQloved  to  flash  continuously  through  the  nozmal 
service  period  of  each  buoy  battery.  Periodic  measurements  vere  made  of 
the  hydrogen  content  of  each  battery  pocket,  using  a  Mine  Safety  Appli¬ 
ances  e^^loslve  gas  meter  calibrated  for  an  atmosphere  of  hydrogen  In  air. 

2.3  Midway  through  the  test  of  the  9  x  32E  (RR)  buoy,  the  pressure 
release  valve  vas  removed  from  one  battery  pocket  vent  line  to  see  whether 
this  valve  had  any  effect  \ipon  hydrogen  accxnnulatlon  In  the  pocket. 

2.4  An  air  test  vas  performed  on  each  battery  pocket  to  Insure  that 
no  vent  line  obstructions  vere  present  to  eiffect  the  meeisurements  of 
hydrogen  accumulation. 

3.  RBSUiaS  OF  TESTS. 


3.1  The  results  of  the  tests  are  shown  In  Figure  1  and  2.  The 
hydrogen  content  of  the  battery  pocket  atmosphere  Is  shovn  as  a  percent¬ 
age  of  the  lower  explosive  limit  which  Is  a  hydrogen-air  mixture  conteiln- 
Ing  about  4^  hydrogen. 

4.  DlSaJSSIOW  AMD  COHCUJSIOHS. 


4.1  The  test  batteries  were  charged  tvo  to  four  weeks  before  Instal¬ 
lation  In  the  buoys,  and  tests  vere  conducted  In  relatively  cold  weather 
(Hovember,  i960  to  April,  I961).  For  these  reasons  the  hydrogen  accumu¬ 
lation  may  have  been  less  than  would  be  experienced  under  other  conditions. 
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h,2  The  tests  showed  a  dangerously  high  accnaaulatlon  of  hydrogen  In 
the  buoy  battery  pockets. 

4.3  Removal  of  the  pressure  release  valve  from  a  buoy  with  the 
current  standard  vent  system  has  no  appreciable  effect  on  the  hydrogen 
content  of  the  battery  pocket. 
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APPaiDIX  V 

HYBROGOr  CQNCSfTBATION  BSABINOS  TAKER  AT  BASE,  GLOUCESTER 
Buoy  -  6  X  20  E  (RR)  Modified  per  dwg.  BU  58-02 
Readings  taken  from  21  October  i960  to  21  March  I961 
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ESSOOBT  K 

ASB.  OLOUCBSTBR 

Date 

Time  S; 

1 

1 

Douhle  Vents 

1.  10-21-60 

1300 

Qai 

2.  10-22-^ 

0850 

UXi 

3.  10-23-60 

0830 

151^ 

lOOi 

4.  10-24-60 

0800 

5$ 

5i 

5.  10-24-60 

l4oo 

Ti 

6.  10-25-60 

0845 

hi 

256 

7.  10-26-60 

0845 

hi 

Si 

8.  10-27-60 

1015 

Wi 

iBi 

9.  10-28-60 

1045 

ri 

soi 

10.  10-29-60 

1000 

n 

i&i 

11.  10-30-60 

0800 

7i 

^i 

12.  10-31-60 

1030 

7i 

}Jdi 

13.  11-1^ 

0830 

i^i 

14.  11-2-60 

0830 

zffi 

15.  11-3-60 

0830 

5i 

iQfi 

16.  11-4-60 

0830 

5i 

iQfi 

17.  11-5-60 

0830 

3i 

9i 

18.  11-6-60 

0830 

3i 

&i 

19.  11-7-60 

0900 

Ti 

20.  11-8-60 

0830 

3i 

Qi 

21.  11-9-60 

1000 

li 

22.  11-10-60 

1000 

5i 

li 

23.  11-11-60 

1000 

5i 

3i 

Sea  caln 
Sea  choppy 
Sea  caM 
Sea  choppy 
Sea  choppy 
Sea  choppy 
Sea  caM 
Sea  calm 
Sea  choppy 
Sea  choppy 
Sea  choppy 
Sea  calm 
Sea  calm 
Sea  calm 
Sea  calm 
Sea  choppy 
Sea  choppy 
Sea  choppy 
Sea  choppy 
Sea  calm 
Sea  choppy 
Sea  calm 


Sea  calm 


HmOGM  READINGS  AT  BASE,  GLOUCEOTER 


Date 

Time 

Single  Vent 

Double  Vents 

Remarks 

24. 

11-12-60 

1000 

3i> 

Sea  calm 

25. 

11-13-60 

0800 

3i> 

3^ 

Sea  calm 

26. 

11-14-60 

0930 

3i> 

Sea  calm 

27. 

11-15-60 

0930 

3i> 

Sea  ceilm 

28. 

11-16-60 

0930 

3$ 

Sea  calm 

29. 

11-17-60 

1000 

3i> 

Sea  calm 

30. 

11-18-60 

0930 

4lt 

3i> 

Sea  calm 

31. 

11-19-60 

1000 

5^ 

Sea  calm 

32. 

11-20-60 

1000 

5l> 

3i> 

Sea  calm 

33. 

11-21-60 

0930 

3i> 

3i> 

Sea  calm 

34. 

11-22-60 

0800 

3i> 

3i> 

Sea  calm 

35. 

11-23-60 

0930 

rf> 

Sea  calm 

36. 

11-24-60 

0920 

3i> 

Sea  calm 

37. 

11-25-60 

0930 

3i> 

Sea  calm 

38. 

11-26.60 

0900 

Sea  calm 

39. 

U-27-60 

0930 

3f> 

3i> 

Sea  calm 

4o. 

11-28-60 

0930 

3lo 

3^ 

Sea  calm 

4l. 

11-29-60 

0900 

3l> 

4?t 

Sea  calm 

42. 

U-30-60 

0930 

3l» 

Sea  calm 

43. 

12-1-60 

0900 

5^ 

3$ 

Sea  calm 

44. 

12-2-60 

0930 

3i> 

3i> 

Sea  c6Qm 

14-5.  12-3-60  BATTHEIIES  EXHAUSTED 

46.  12-4-60  batteeu:es  exhausted 
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Date 

Time 

Single  Vent  Double  Vents 

Remarks 

47.  12-5-60 

BATTEEtXBS  ESBAUSTED 

k8.  12-6-60 

BATTERIES  EXEAUISTED 

k9.  12-7-60 

RBCHAROED  BATTERIES 

50.  12-8-60 

0930 

10^^ 

uyfi> 

Sea  calm 

51.  12-9-60 

0930 

10^6 

uyjl> 

Sea  calm 

52.  12-10-60 

1000 

nit 

uyfi 

Sea  calm 

53.  12-11-60 

1000 

10?t 

lOjt 

Sea  calm 

12-12-60 

0930 

lOlt 

1Q$ 

Sea  calm 

55.  12-13-60 

0930 

8lt 

95t 

Sea  calm 

56.  12-i4-6o 

0930 

8?t 

95t 

Sea  c6Llm 

57.  12-15-60 

1030 

&f> 

S$ 

Sea  calm 

58.  12JL6-60 

1030 

8lt 

9lt 

Sea  calm 

59.  12-17-60 

1030 

8lt 

9f> 

Sea  calm 

60.  12-18-60 

1030 

8lt 

Sea  calm 

61.  12-19-60 

0930 

ef> 

8lt 

Sea  calm 

62.  12-20-60 

1030 

8lt 

Sea  calm 

63.  12-21-60 

1000 

8lt 

Sea  calm 

64.  12-22-60 

1000 

5lt 

Sea  calm 

65.  12-23-60 

0930 

5lt 

Sea  calm 

66.  12-24-60 

0900 

5lt 

Tit 

Sea  calm 

67.  12-25-60 

1000 

5lt 

Tit 

Sea  calm 

68.  12-26-60 

1000 

9f> 

Tit 

Sea  calm 

69.  12-27-60 

0920 

5lt 

Sea  calm 

v-4 


ffiffiROQHI  RBUmiQS  AT  BASB,  QiaJCKSmBR 


D>te 

Time 

single  Vent 

Double  Vents 

Remarks 

TO.  12-28-60 

0910 

Ti 

Sea  caJn 

71.  12-29-60 

1430 

Sea  calm 

72.  12-30-60 

0900 

6i 

Sea  calm 

73.  12-31-60 

0900 

6i 

Sea  calm 

74.  1-1-61 

0900 

6i 

Sea  calm 

75.  1-2-61 

0900 

6i 

Sea  calm 

76.  1-3-61 

1000 

6i 

Sea  calm 

77.  1-4-61 

0900 

6i 

Sea  calm 

78.  1-5-61 

0930 

6i 

Sea  calm 

79.  1-6-61 

1000 

6i 

Sea  calm 

80.  1-7-61 

0930 

6i 

Sea  calm 

81.  1-8-61 

0930 

6i 

Sea  calm 

82.  1-9-61 

1000 

hi 

3i 

Sea  calm 

83.  1-10.61 

0930 

3$ 

3i 

Light  out 

84.  1-11-61 

1000 

3?t 

hi 

Light  recharged 

85.  1-12-61 

0800 

5i 

6i 

Sea  calm 

86.  1-13-61 

0930 

3i 

6i 

Sea  calm  - 

87.  1-14-61 

0930 

3i 

hi 

Sea  calm 

88.  1-15-61 

0930 

3li 

6i 

Sea  calm 

89.  1-16-61 

0930 

3i 

6i 

Sea  calm 

90.  1-17-61 

0930 

6i 

Sea  calm 

91.  1-18.61 

0930 

3i 

6i 

Sea  calm 

92.  1-19-61 

09ho 

3i 

3i 

Sea  calm 
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EMBOgro  RKAMHQS  AT  BASE,  GLOUCEgPBR 


Pate 

Time 

Si]3£le  Vent 

Double  Vents 

Benarks 

93.  1-ao^i 

0900 

59^ 

Sea  calm 

94.  1-21-61 

0900 

59t 

Sea  ceJm 

95.  1-22-61 

0900 

59t 

Sea  calm 

96.  1-23-61 

0945 

59t 

Ice 

97.  1-24-61 

0900 

59t 

Ice 

98.  1-25-61 

0930 

3i 

Ice 

99-  1-26-61 

0900 

Ice 

100.  1-27-61 

Test 

discontinued  due  to  heavy  Ice 

conditions 

101.  1-2B-61 

do. 

Ice 

102.  1-29-61 

do. 

Ice 

103*  1-30-61 

do. 

Ice 

io4.  1-31-61 

do. 

Ice 

105.  2-1-61 

0930 

696 

n> 

106.  2-2-61 

0930 

6^ 

Tt> 

107-  2-3-61 

0900 

Tf> 

108.  2-4-61 

0900 

ef> 

rf> 

1  109.  2-5-61 

0930 

rf> 

89^ 

13X).  2-6-61 

0930 

79^ 

89^ 

1  in.  2-7-61 

0930 

89t 

896 

1  102.  2-8-61 

0900 

89t 

89fc 

*  n3.  2-9-61 

0900 

89^ 

89t 

1  n4.  2-10-61 

0930 

89t 

896 

Ji 

n5.  2-n-6i 

0930 

89^ 

89^ 

1 

v-6 

1 


I 

1 

I 

I 

1 

I 

1 

I 


1 

1 

1 


HHJBOQai  RKAPaJOS  AT  BASK.  QLCTJCBgnSR 


Date 

Time 

Single  Vent 

Double  Vents 

Il6.  2-12-61 

0900 

836 

117.  2-13-61 

0900 

836 

118.  2-i4-6i 

0900 

123t 

1336 

119.  2-15-61 

0900 

1336 

120.  2-16-61 

0900 

123^ 

1236 

121.  2-17-61 

0900 

10?t 

1136 

122.  2-18-61 

0930 

10^6 

1136 

123.  2-19-61 

0930 

1136 

124.  2-20-61 

0930 

10ff> 

125.  2-21-61 

0930 

93^ 

1036 

126.  2-22-61 

0900 

93^ 

I03t 

127.  2-23-61 

0930 

93^ 

Sf1> 

126.  2-24-61 

0900 

936 

129.  2-25-61 

0900 

936 

130.  2-26-61 

0900 

836 

836 

131.  2-27-61 

0900 

83t 

836 

132.  2-28-61 

0930 

836 

836 

133.  3-1-61 

0930 

736 

836 

134.  3-2-61 

0930 

736 

736 

135.  3-3-61 

0900 

736 

636 

136.  3-4-61 

0900 

736 

636 

137.  3-5-61 

0900 

736 

636 

138.  3-6-61 

0900 

736 

636 

V-7 


Ramarka 

Bxtlngalshed 

Recharged 


Remarks 


mreOGBT  RBADISGS  AT  BASS.  GLCTJCBgTKR 


Date 

Time 

Single  Vent 

Double  Vents 

139.  3-7-^l 

0900 

65t 

iJio.  3-8-61 

0900 

l4l.  3-9-61 

0930 

6^t 

l42.  3-10-61 

0930 

143.  3-11-61 

0900 

ei 

5i> 

l44.  3-12-61 

0900 

5^t 

145.  3-13-61 

0900 

146.  3-i4-6i 

0900 

5^> 

147.  3-15-61 

0900 

3i 

1148.  3-16-61 

0900 

149.  3-17-61 

0900 

6f> 

3lo 

150.  3-18-61 

0900 

6$ 

5lo 

151.  3-19-61 

0900 

152.  3-20-61 

0900 

6?t 

153.  3-21-61 

0900 

V-8 
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Miscellaneous  Pacts 
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Mlacellaaeous  Facta 


1.  Bgrdrogen  gaa  foxma  an  e^qploalve  mixture  In  air  whenever  Ita  per¬ 
centage  hy  volume  at  atmoapheric  preaaure  la  more  than  4.1^  and  leaa 
than  74.2jb. 

2.  The  exploalon  of  a  mixture  of  hydrogen  and  oxygen  la  more  violent 
than  a  mixture  of  hydrogen  and  air  although  both  may  be  very  deatruc- 
tlve. 

3*  IXirlng  the  battery  charging  proceaa  both  hydrogen  and  oxygen  are 
given  off.  The  mixture  of  hydrogen  and  oxygen  varlea  from  about  525^ 

Hg,  kli)  O2  by  volume  at  low  charging  ratea  to  6Tf>  335^  O2,  at  hl^ 
charging  ratea. 

4.  The  particular  conatructlon  of  buoy  cella  (EHB-5-l)  leavea  an 
appreciable  gaa  volume  In  the  cell  above  the  electrolyte. 

3.  During  aelf -discharge  of  a  lead-cu:ld  cell  the  amount  of  hydrogen 
generated  depends  upon: 

a.  the  ambient  temperature 

b.  the  number  of  cycles  on  the  cell 

c.  the  specific  gravity  of  the  electrolyte 

d.  the  cell  voltage 

e.  the  purity  of  the  plates  and  electrolyte 

f.  the  age  of  the  cell. 

6.  When  trickle  charging: 

a.  Each  increase  of  O.06  volt  per  cell  doubles  the  trickle 
charge  rate. 

b.  Bach  tenrperatxire  Increase  of  15°F  doubles  the  charge  rate. 

c.  Bach  ten5)eratvire  decrease  of  15°F  halves  the  charge  rate. 

7.  As  a  battery  ages  the  trickle  charge  rate  will  gradually  Increase, 
approaching  1$  by  the  end  of  life.  The  rate  of  Increase  and  life  ob¬ 
tained  varies  with  the  quality  of  maintenance. 

8.  In  going  from  70°F  to  SO^F,  there  will  be  2St  more  hydrogen  produced 
per  anq>ere  hour. 
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9>  Bureau  of  Shlpa  Technical  Manual,  paragraph  52 <^32.  CHEMICAL 
SELFJXISCHABQE.  Chemical  self -discharge  Is  caused  by  reactions  be¬ 
tween  the  electrolyte  and  the  active  materials  at  the  plates  result¬ 
ing  In  decrease  in  electrolyte  specific  gravity,  consun^ion  of 
active  materials,  and  loss  of  plate  capacity.  The  reaction  at  the 
positive  plate  Is  less  than  at  the  negative,  so  that  the  predomlnazxt 
cause  of  noxml  self -discharge  Is  the  reaction  between  electrolyte 
and  the  negative  active  material  lead.  For  a  cell  in  good  condition, 
the  decrease  in  specific  gravity  caused  by  chemical  self -discharge 
is  not  more  than  one  point  a  day  at  80*^. 

10.  Bureau  of  Ships  Technical  Manual,  paragraph  62*^34.  mODBOGM 
EVDIOTIQU  BY  CHEMIGAL  SELF-  DISCHARGE.  The  normal  reaction  respon¬ 
sible  for  self -discharge  at  the  negative  plates  results  in  the 
format ion  of  lead  sulphate  and  the  evolution  of  hydrogen.  Since  the 
amount  of  hydrogen  produced  is  proportional  to  the  amount  of  acid 
and  lead  consumed  in  the  reaction,  it  follows  that  rate  of  fall  of 
specific  gravity,  rate  of  hydrogen  evolution,  and  rate  of  chemical 
self -discharge,  aU  increase  or  decrease  in  direct  proportion  to  each 
other  so  long  as  the  predominant  cause  of  self -discharge  is  the 
reaction  at  the  negative  plate. 

11.  Bireau  of  Ships  Technical  Manual,  psuragraph  62-635.  FACTORS 
AFFECTING  CHEMICAL  SELF -DISCHARGE.  The  rate  of  chemical  self- 
discharge  depends  upon  a  number  of  factors  which  include; 

(1)  Time  since  charge.  The  rate  of  chemical  self -discharge  is 
most  rapid  imaediately  after  a  charge  and  then  decreases  somewhat 

to  a  more  or  less  constant  value.  For  a  battery  which  has  been  worked 
enough  to  develop  maxlmuni  performarice,  the  capacity  lost  by  standing 
on  open  clrcviit  increases  with  the  lerigth  of  stand. 

(2)  l^clfic  gravity.  The  rate  of  chemical  self -discharge  in- 

creeises  with  the  specific  gravity  of  the  electrolyte.  , 

(3)  Ten^feiature  of  electrolyte.  The  rate  of  chemical  self- 
dlschsirge  increases  with  the  electiolyte  temperature.  The  rate 
of  hydrogen  evolution  on  stand  increases  in  proportion  to  the  rate 
of  self -discharge  an.d  can  he  used  to  show  the  increase  in  self¬ 
discharge  with  temperature.  laboratory  tests  on  cells  in  good 
condition  indicate  that  the  following  ratios  are  fairly  representa¬ 
tive: 


Temperature  F.): 

80 . . 

90  . . 

no  ... _ .... 

130 . . . 


Bfefdrogen  evolved  in 
percent  of  evolution 
at  100®  F.  (percent) 
......  40 

.  60 

.  150 

.  390 
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Although  the  actual  amount  of  hydrogen  evolved  hy  different  batteries 
Is  extremely  variable,  the  rapidity  with  which  hydrogen  evolution  and 
chenlcal  self  nilscharge  Increases  with  temperature  1?  well  shown  by 
the  above  figures. 

(4)  Purity  of  electrolyte.  Chemical  self -discharge  is  materially 
Increased  by  the  presence  of  even  extremely  small  amounts  of  impurities; 
notably  Iron,  nickel,  chlorine,  organic  8u:lds,  and  copper.  Antimony  Is 
a  constituent  of  the  grids,  but  is  an  impurity  In  the  electrolyte  and 
greatly  Increases  self  •discharge.  Because  of  the  pronounced  effects 
of  amounts  of  impurities,  extreme  purity  of  the  electrolyte  Is 

necessary  for  the  best  battery  performance. 

{3)  Antimony  migration.  Chemical  self -discharge  at  the  negative 
plate  is  promoted  by  the  migration  of  antimony  from  the  positive  grids 
to  the  negative  plate.  This  has  two  effects: 

(a)  It  increases  the  rate  of  reaction  between  the  electrolyte 
and  the  negative  active  material,  lead;  hence  Increases  the  rate  of 
self -discharge . 

(b)  It  lovers  the  charge  voltage.  Lover  charge  voltage 
decreases  the  effectiveness  of  the  natural  process  In  which  antimony 
is  driven  off  the  negative  plate  as  stlblne  gas  during  the  gassing 
phase  of  charge,  and,  therefore,  tends  to  make  the  Increase  In  the 
rate  of  self -discharge  permanent. 

(6)  Age  and  design.  Self -discharge  and  hydrogen  evolution  Increase 
eis  a  cell  ages.  Thick  plate  cells  show  a  relatively  slow  rate  of  In¬ 
crease.  Thin  plate  cells  show  a  much  higher  rate  of  Increase  and  have 
required  installation  of  hydrogen  eliminators  In  order  to  obtain  full 
life  without  excessive  hydrogen. 

(7)  Previous  treatment.  A  battery  which  is  free  from  impurities 
and  which  has  been  consistently  charged  to  about  2.7  volts  at  the  end 
of  chsurge  will  usually  show  little  chemical  self -discharge.  This 
figure  refers  to  the  voltage  at  the  end  of  charge  corrected  to  80°  F. 
Hi^  voltage  at  the  end  of  charge  tends  to  eliminate  antimony  from 
the  negative  plates  and  to  remove  one  of  the  prlnclpE^.  causes  of 
self -discharge .  Partial  charging  and  the  persistent  use  of  finishing 
and  equalizing  rates  lower  than  those  specified  for  a  battery  result 
in  low  voltage  at  the  end  of  charge  and  increase  self -discharge. 


